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Abstract 
The visuo-spatial abilities of individuals with Williams syndrome (WS) have 
consistently been shown to be generally weak. These poor visuo-spatial abilities have 
been ascribed to a local processing bias by some [30] and conversely, to a global 
processing bias by others [24]. In this study, two identification versions and one 
drawing version of the Navon hierarchical processing task, a non-verbal task, were 
employed to investigate this apparent contradiction. The two identification tasks were 
administered to 21 individuals with WS, 21 typically developing individuals, matched 
by non-verbal ability, and 21 adult participants matched to the WS group by mean 
chronological age. The third, drawing task was administered to the WS group and the 
TD controls only. It was hypothesised that the WS group would show differential 
processing biases depending on the type of processing the task was measuring. 
Results from two identification versions of the Navon task measuring divided and 
selective attention showed that the WS group experienced equal interference from 
global to local as from local to global levels, and did not show an advantage of one 
level over another. This pattern of performance was broadly comparable to that of the 
control groups. The third task, a drawing version of the Navon task, revealed that 
individuals with WS were significantly better at drawing the local form in comparison 
to the global figure, whereas the typically developing control group did not show a 
bias towards either level. In summary, this study demonstrates that individuals with 
WS do not have a local or a global processing bias when asked to identify stimuli, but 
do show a local bias in their drawing abilities. This contrast may explain the 
apparently contrasting findings from previous studies. 
 
Keywords: Hierarchical processing, local-global, visuo-spatial perception, drawing 
ability 
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Introduction 
Individuals with Williams syndrome (WS) have poor visuo-spatial skills in 
relation to other cognitive abilities [1, 6, 8, 9, 11, 14]. Based on previous research, it 
has been theorised that these individuals perceive the local and global aspects of 
visuo-spatial information in a manner that deviates from typical development. Local 
processing refers to the perception of the individual elements of an image, whilst 
attending to the image as a whole figure is referred to as global processing. In typical 
development, adults and older children process information at the global level faster 
than at the local level, thus global information is available before local information. 
This is known as the global precedence effect [21, 22]. It has been suggested that 
individuals with WS do not show global precedence, but instead are biased towards 
processing the local elements of an image at the expense of the global form [3].  
This proposal appears to be supported by observations of the nature of the 
errors made in visuo-spatial tasks. Individuals with WS show poor global organisation 
in the Block Design task [3] and similarly, their drawings consist of the individual 
details of the image [4, 30], without being organised into a coherent global structure, 
thus apparently pointing towards a preference to perceive at the local level. However, 
Pani, Mervis, and Robinson [24] found that in a visual search task, 12 adults with WS 
were influenced by the grouping of the stimuli to the same extent as a typically 
developing (TD) control group matched by gender and chronological age (CA). This 
suggests that individuals with WS do exhibit global precedence in visual search. 
The different interpretations of WS performance among the visuo-spatial tasks 
described above suggest that the processing biases observed in WS are dependent on 
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the task administered. The performance of individuals with WS on a task that requires 
the participant to identify stimuli show a different pattern of processing to the 
performance observed on a visuo-spatial construction or drawing task. This difference 
in the task demands has not always been taken into account when interpreting results.  
Task demands must also be accounted for within a task. A bias in local 
processing has been suggested to explain both an exceptionally poor level of 
performance on the Block Design task in WS, but to explain a superior level of 
performance on the same task in autism [32]. The local bias on this task is apparent 
when identifying component parts in individuals with autism, but, as discussed above, 
occurs at the stage of constructing the image in individuals with WS. In the present 
study, versions of the same task are employed in which identification, and image 
production through drawing are investigated separately. Patterns of performance can 
then be associated with the appropriate task demand, identification or production. 
In addition to the problem of task demands, consensus has not been reached 
regarding the precise definition of „local‟, „global‟, and associated terms. Global 
precedence is considered by many to be a modern version of the Gestaltist claim of 
primacy of wholistic processing in perception, i.e., that global properties, rather than 
the component parts of that object, are the initial step for processing an object [e.g., 
27, 37]. As such, the terms wholistic and global processing are often used 
interchangeably. However, the term wholistic is also linked to the distinction between 
integrality and separability. In this sense, wholistic has a subtle but important different 
definition in which the properties of an object hold no weight in processing at all.  
Solely the terms local and global will be employed for discussion in the 
present study. The use of local and global refers here to the notion that a visual scene 
can be viewed as a hierarchy of levels. The place that a visual property holds within 
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the structure of a scene dictates it‟s globality, i.e., it is global to a property lower 
down the hierarchy, but local to a property at a higher hierarchical level. Three 
versions of the Navon task [21] are employed. This task has been chosen because it 
has two distinct hierarchical levels, global and local. Individuals are presented with 
hierarchical figures, which are letters, e.g., a number of letter H‟s arranged to form a 
letter A. Letters at both hierarchical levels are equally recognisable and complex, and 
thus equally codable. Identification of one level does not provide any information 
about the identification of the other level, hence any differences in accuracy, or 
response time can be assumed to be accountable to hierarchical differences [21]. 
Four studies have investigated hierarchical processing in WS, typically 
employing the drawing version of the Navon task. Rossen et al. [30] and Birhle et al. 
[4] demonstrated that individuals with WS were more accurate at drawing the local 
elements of the images (small letters) in comparison to the global formation (larger 
letter). Bellugi et al. [3] report similar findings from their group of individuals with 
WS when asked to draw hierarchical figures of triangles made up of circles (a task 
taken from the Boston Diagnostic Aphasia Examination (BDAE) [10]). Accuracy was 
higher for their reproduction of the local forms than for the global whole. 
The results of Stevens [34] are less in favour of a local bias in WS drawing 
than the three studies described above. Five out of 13 individuals with WS showed a 
local bias in a Navon drawing task. In a second experiment, the motor response was 
omitted, by asking participants to describe the stimuli. All individuals with WS were 
able to describe both local and global levels of the stimuli. Stevens suggests that the 
local bias present in the drawings of individuals with WS, is not related to the process 
of stimulus identification, but relates to difficulties in planning a motor response.  
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An individual‟s ability to identify a stimulus can also be directly investigated 
by employing a decision making task in which individuals have to indicate whether a 
particular letter is present at either the local or global level. Plaisted, Swettenham and 
Rees [26] employed the Navon task with individuals with autism through two 
decision making tasks, one requiring selective attention and the other requiring 
divided attention. In the selective attention task, the individual completed two 
conditions, in which they were asked either to respond to the large letter (global 
level), or to respond to the smaller letters (local level). Thus, participants only needed 
to focus on one level, local or global, in any one condition. In the divided attention 
task, the individual was asked to respond to a target letter, which could appear at the 
local level, the global level or at both levels. In this task participants were required to 
attend to both levels simultaneously in order to identify the target. Plaisted et al. [26] 
showed that the local bias typical of individuals with autism [13] was not present in 
the selective attention task, but was present in the divided attention task. The authors 
conclude that when primed to focus on a particular level, individuals with autism can 
process at the global level. The local bias in autism appears to be restricted to cases 
when individuals are unable to focus their attention on one level. 
In typically developing adults, these tasks illustrate the global precedence 
effect. Global precedence does not become fully apparent until late childhood, and 
young children exhibit less of a bias towards processing at either global or local level 
[18]. In the selective attention task, global precedence is observed if targets at the 
global level are responded to faster than at the local level. In addition, when the target 
is at the local level, the letters at the global level should interfere with response time 
and accuracy. In the divided attention task, according to global precedence, targets at 
the global level should be detected more quickly and accurately than those at the local 
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level. Similarly, response time should be faster, and accuracy greater in trials where 
the target is present at the local level only, than those where the target appears at both 
levels. In contrast, no difference should be observed between trials where the target 
appears at the global level only in comparison to its appearance at both levels. 
The selective attention task serves to indicate whether the participant is 
capable of processing exclusively at the local and at the global level. The divided 
attention task has the additional demand of requiring the individual to make within-
task switches of attention between processing levels. The results of this task indicate 
an individual‟s processing preferences. The present experiment examines the 
identification of hierarchical figures in WS using tasks adapted from those employed 
by Plaisted et al. [26]. In light of Stevens‟ [34] Navon task study, and Pani et al.‟s 
[24] visual search study, it is possible that individuals with WS do not have a local 
bias when asked to identify stimuli. If so, then they should perform similarly to 
typically developing controls, or to adult controls on these tasks. 
A third task, a drawing version of the Navon task, was also employed in this 
study. This acted as a comparison task to the identification tasks (selective and 
divided attention) and thus was employed to assess whether any bias observed in 
drawing is related to the process of letter identification, or if it is a result of the 
additional requirements of drawing such as a problem with motor planning [34] or 
stimulus integration. Tada and Stiles [35] investigated drawing development in terms 
of the ability to segment objects into local units, and to integrate these units into a 
drawing.  They found that young children segment objects into smaller, and more 
local units than adults. The organisation of these parts when drawing the object is also 
less well integrated in young children than in adults, shown by a reduced global 
accuracy in the drawings of young children compared to adult drawings. Stevens [34] 
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reported a further investigation by Stiles, which tracked the developmental trajectory 
of local and global ability in the drawings of Navon figures of children aged 4 to 8 
years. The youngest children achieved local scores which were 0.2 higher than global 
scores. At 5 years, local processing was 0.5 greater than global processing. By 8 years 
the scores at each level had equalled out. One can predict from the evidence above 
that the drawings of the TD group will not demonstrate global precedence, but will 
show a pattern which is between that of the 5 year old and the 8 year old groups 
reported by Stevens [34] i.e., no advantage of global over local processing. 
Due to the unique cognitive profile of individuals with WS, the control group 
in the present study are matched individually to the WS group by performance on the 
Ravens Coloured Progressive Matrices (RCPM; [28]), an accepted measure of fluid 
intelligence [39]. As such, performance can be assumed to be an appropriate 
representation of general nonverbal ability. One potential problem of matching by 
nonverbal ability is that of matching away group differences. The RCPM test manual 
reports that 3 out of the 36 trials involve the perception of “gestalt formation” (pp. 5) 
[29]. Global and local processing is therefore involved in this task, but it is not a 
major variable of the complete set of items. In addition, the RCPM gives an absolute 
level of performance, whilst the present study is interested in the relative pattern of 
local and global ability.  Even if matching for RCPM equates groups on their 
performance on one task, it is still perfectly possible for them to differ on another; 
indeed arguably the most sensitive test for a difference in relative task difficulty is 
provided when groups are closely matched for overall level of performance. The local 
and global aspects of the RCPM are therefore irrelevant to the local and global 
comparison being made within the experimental tasks. The RCPM is successfully 
used in the autism literature as a matching task for investigating local and global 
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processing [e.g., 31]. Such studies have shown group differences, which suggests that 
the danger of matching away differences is minimal. 
The evidence reported above suggests that in typical development the pattern 
of performance on the identification tasks should show global precedence, whilst due 
to poor integration skills in children, performance on the drawing task should 
demonstrate no advantage of global over local processing. Comparisons can be made 
between the WS group and the controls for each task. The same stimuli were 
employed across the tasks, and any group differences observed will indicate the stage 
at which processing becomes atypical in WS. From the evidence discussed it is 
expected that the WS group will show a deviation from typical development on the 
drawing task but not the identification tasks.  
 
Method 
Participants 
Twenty–one individuals with WS (11 males and 10 females), 21 typically 
developing children (7 males and 14 females), and 21 adult participants (4 males, 17 
females) participated in this experiment. Each of these participants was able to 
recognise the letters of the alphabet. The typically developing children were matched 
individually to the WS group by performance on the Ravens Coloured Progressive 
Matrices (RCPM) [28]. In this task, the participant must decide which of 6 pieces 
matches the pattern or follows the correct sequence shown in a presented image. The 
adult group, while not matched individually, were matched to the WS group by mean 
Chronological Age (CA). The RCPM was not given to the adult group as the CA of 
these participants was above the upper age limit of the test (18 years). Participant 
details are shown in Table 1. 
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All WS participants had been recruited from the records of the Williams 
Syndrome Foundation UK. Six members of the WS group had received a diagnostic 
(FISH) test. This test checks for a deletion of the elastin gene on the long arm of 
chromosome 7 which has been found to occur in approximately 90% of individuals 
with WS [23]. The elastin gene itself, however, is not related to the Williams 
syndrome cognitive phenotype, and the genetic deletion accountable to cognitive 
abilities has as yet not been identified [36]. It is therefore important that any positive 
genetic evidence for WS is supported by phenotypic characteristics. All 6 cases 
received positive FISH results, thus confirming a deletion of the elastin gene. None of 
the WS participants had received negative FISH results. The remaining fifteen WS 
participants had been diagnosed by medical practitioners before the WS genotype had 
been identified. This diagnosis was based on their unique cognitive, behavioural and 
facial characteristics. Previous investigation employing the same sample showed that 
the cognitive characteristics typical of Williams syndrome are present in this group. 
Each of these individuals demonstrated superior performance on the British Picture 
vocabulary Scale (BPVS) [7] relative to the Performance subtests of the Wechsler 
Intelligence Scale for Children (WISC) [38]. Within the WISC subtests, performance 
was weakest on the Block Design task. Thus, one can be confident that the risk of 
including an individual who would not show the genetic deletion if tested, is minimal. 
Table 1 
about here 
Design and Procedure 
The stimuli used across all of the experimental tasks consisted of a large letter 
made up of 20 smaller letters, such as an A made up of Hs as illustrated in Figure 1. 
Two identification tasks and one drawing task were employed. All three participant 
groups took part in the 2 letter identification tasks. The drawing task was carried out 
by the WS group and the TD control group only. This was because the task was 
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designed to match the level of ability of the WS group, and as such the performance 
of the adult participants on this task was predicted to be at ceiling. 
Identification tasks 
Both the selective attention and the divided attention tasks were presented on a 
computer screen. Participants sat in front of the computer and given verbal 
instructions. Each task was preceded by practice trials, which began when the 
experimenter was confident that the participant understood the procedure and were 
able to recognise the target letter. Participants were asked to rest their forefingers on 
the appropriate response keys in-between responses. Hierarchical letters appeared in 
the centre of the monitor and only disappeared once a correct response had been 
made. This was followed by a delay of 500ms before the next stimulus appeared. The 
computer recorded response time (RT) for all responses. In the event of an error, RT 
for both the incorrect response, and the subsequent correct response was recorded. 
Selective attention task: There were two separate conditions to this task. In 
one condition the participant was asked to identify the small letter, and in the other 
condition the participants were asked to identify the large letter. The letters to identify 
were S and H in both conditions, thus the participant was instructed to press the 
appropriate „S‟ or „H‟ key to indicate their response. There were 6 stimuli types in 
each condition: 2 congruent (the same letter was depicted at local and global levels), 2 
incongruent (an S at one level and an H at the other hierarchical level), and 2 neutral 
(an S or H at the level being attended to, and an X at the other level). These can be 
seen in Figure 2. Each condition had 30 randomised experimental trials and was 
preceded by 12 practise trials. Conditions were counterbalanced. Another task, not 
reported here, was administered between the large and small letter conditions.  
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Divided attention task: In this task, the participant was requested to press „A‟ 
if they saw the letter A and „’‟ if they did not see the letter A. The letter A could 
appear as the large letter, or as the small letters, or as both simultaneously. There were 
6 trial types presented, half of which depicted a letter A - the target present trials, and 
half of which did not - the target absent trials. In the target present trials, the letter A 
was present either at both levels (a large A made up of 20 smaller As), at the local 
level (a large M made up of small As), or at the global level (a large A made of small 
Ms). These 3 stimuli and the 3 target absent stimuli are shown in Figure 1. There were 
12 practise trials, 2 of each stimulus type, and 60 randomised experimental trials, 10 
of each stimulus type. This task was administered before the selective attention task. 
Figures 1 and 2 
about here  
Drawing task: Participants (WS and TD controls only) were shown a 
hierarchical figure such as those in Figures 1 and 2, presented in an A5 booklet. The 
figures used were HA (a larger H made up of 20 small As), AH, AA, HH, XS, SX, 
SS, XX presented in that order. The experimenter emphasised to the participant that 
the stimulus was a large letter made up of small letters, and that they were required to 
copy the figure as accurately as possible onto an A5 piece of white paper. The figure 
remained in front of the participant throughout. Time to draw the figures was recorded 
using a stopwatch. This task was presented after the two identification tasks.  
Drawings were rated for local level accuracy, and for global level accuracy. 
The rating scale employed was based on that of Stiles as cited in Stevens [34]. This 
provided criteria for rating the local and global accuracy of drawings from 0 to 5.  
High global scores were given to drawings that represented the configural form 
accurately and at the correct orientation. The number of local elements would have to 
be approximately correct, and correctly spaced. Low global scores would be given 
where the configural form was not recognisable. To achieve a high local score, 
Processing preferences 13 
participants would have to draw a figure where the local elements were correctly 
oriented and well drawn. The correct number and spacing of the elements was also 
important. Low local scores were given to drawings where either the global form was 
drawn but with no elements, or the elements were not recognisable. 
Results 
Identification tasks 
Selective Attention task 
Analysis of RT. 
Reaction time for correct responses on the initial key press were analysed 
using a 3 way ANOVA with hierarchical level (large/ global or small/ local ) and 
congruency (congruent, incongruent and neutral) as within-participant factors, and 
group (WS, TD controls, adult controls) as a between-participant factor (see Figure 
3). There was a main effect of group (F(1, 60)=23.05, p<.001, partial 2=.43), which 
post hoc Tukey analysis revealed, was due to significantly faster responses from the 
adult controls than the TD controls (p<.001) and the WS group (p=.001). There was a 
significant main effect of congruency (F(2, 120)=20.77, p<0.001, partial 2=.26). This 
was a result of significantly slower responses on the incongruent trials than on the 
congruent trials (F(1, 60)=19.98, p<.001, partial 2=.25) and neutral trials (F(1, 
60)=33.49, p<.001, partial 2=.36). The main effect of hierarchical level was also 
significant (F(1,60)=5.27, p=.03, partial 2=.08) due to slower responses on the small 
/local condition than the large/ global condition. The interaction between group and 
congruency was significant (F(4, 120)=6.42, p<.001, partial 2=.18). Further analysis 
demonstrated that this was due to a different pattern of congruency in the adult group 
than the WS and TD control group. All three participant groups showed significantly 
slower RTs for incongruent trials than neutral trials (WS: F(1, 20)=17.9, p<.001, 
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partial 2=.47; TD: F(1, 20)=12.39, p=.002, partial 2=.38; adults: F(1, 20)=10.59, 
p=.004, partial 2=.35). However, the adult group responded more rapidly to 
congruent trials than neutral trials (F(1, 20)=13.99, p=.001, partial 2=.41), when no 
such difference was observed in the WS group (F<1) or the TD control group (F<1). 
In addition, the adult group showed no significant difference between congruent and 
incongruent response times (F(1, 20)=3.79, p=.07, partial 2=.16) whilst the WS and 
TD controls were significantly slower at responding to incongruent trials than 
congruent trials (WS: F(1, 20)=10.58, p=.004, partial 2=.35; TD: F(1, 20)=18.38, 
p<.001, partial 2=.48). The interaction between hierarchical level and congruency 
was also significant (F(2, 120)=3.52, p=.03, partial 2=.06). This was due to a smaller 
effect of congruency for the large/ global condition (F(2, 120)=5.33, p=.01, partial 
2=.08) than the small/ local condition (F(2, 120)=15.06, p<.001, partial 2=.20), 
although both of these effects of congruency showed a similar pattern 
(congruent<incongruent: large/ global condition: t(62)=2.20, p=.03; small/ local 
condition: t(62)=3.67, p=/001, neutral< incongruent: large/ global condition: 
t(62)=2.89, p=.01; small/ local condition: t(62)=4.27, p<.001, congruent=neutral: 
larger/ global condition: t(62)=.43, p=.67; small/ local condition: t(62)=.75, p=.45). 
There were no significant interactions between hierarchical level and group (F<1) or 
between hierarchical level, congruency, and group (F(4, 120)=1.66, p=.17, partial 
2=.05).  
Figure 3 about here 
 
Analysis of correct responses. 
Number of correct responses on the selective attention task were analysed 
using a 3 way ANOVA with the same factors as employed in the RT analysis above. 
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These data, illustrated in Figure 4, show that the main effect of group was significant 
(F(1, 60)=11.51, p<.001, partial 2=.28) . Post hoc Tukey analysis showed that adults 
were producing more correct responses than both the WS participants (p<.001) and 
the TD controls (p=.04). Individuals with WS also tended to make more errors than 
typically developing individuals (p=.06). As above, there was a significant main 
effect of congruency (F(2, 120)=30.54, p<0.001, partial 2=.34). Significantly more 
correct responses were made on the congruent trials than the incongruent trials (F(1, 
60)=41.52, p<0.001, partial 2=.41) and the neutral trials (F(1, 60)=4.72, p=.03, 
partial 2=.07). Responses for neutral trials were also significantly more accurate than 
incongruent trials (F(,1 60)=28.21, p<0.001, partial 2=.32). There was a 
nonsignificant main effect of level (F<1). The interaction between congruency and 
group was significant (F(2, 120)=4.63, p=.002, partial 2=.13). The source of this 
interaction was a weaker effect of congruency in the adult group (F(2, 40)=3.33, 
p=.05, partial 2=.14), than the WS group (F(2, 40)=13.20, p<.001, partial 2=.40) or 
the TD controls (F(2, 40)=15.89, p<.001, partial 2=.44). The remaining interactions 
were not significant: hierarchical level by group (F<1); hierarchical level by 
congruency (F(2,80)=1.10, p=.34, partial 2=.03). 
Figure 4 about here 
Divided Attention task 
Analysis of RT. 
Reaction times for only those responses where the first key press was correct 
were analysed using a 2 way ANOVA design with hierarchical level as a within-
participant factor with 3 levels (congruent, incongruent/ global and incongruent/ 
local) and group as a between-participant factor with 3 levels (WS and TD controls, 
adult controls). Data for target present trials were analysed separately from the data 
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from target absent trials. No difference was expected between the three levels for 
target absent conditions because although the letter K appeared in all three level types, 
participants were never asked to identify it. Results showed that there was a 
significant main effect of group for target absent trials (F(1, 60) = 7.94, p=.001, 
partial 2=.21 ). Post-hoc Tukey analysis showed that this was due to the WS group 
taking significantly longer to respond than the adult controls (p=.001). There was no 
difference in the RTs of the adult controls and the TD controls (p=.12) or the WS 
group and the TD group (p=.12). The main effect of hierarchical level was not 
significant for target absent trials (F<1), and there was no significant interaction 
between condition and group (F<1). 
The data for target present trials are illustrated in Figure 5. Analysis showed 
that there was a significant main effect of group, F(1, 60)=29.87, p<.001, partial 
2=.50. Post-hoc Tukey comparisons revealed that this was due to the adult control 
group responding significantly faster than the remaining two groups (adult controls 
and WS: p<.001; adult controls and TD controls: p<.001; WS and TD controls: 
p=.59). There was a significant main effect of hierarchical level (F(2, 120)=7.28, 
p=.001, partial 2=.11). This was due to significantly quicker correct responses to 
targets in the congruent condition than the incongruent/global condition (F(1, 
60)=22.46, p<.001, partial 2=.27 ) and the incongruent/local condition (F(1, 
60)=10.46, p=.002, partial 2=.15). There was also a significant hierarchical level by 
group interaction (F(4, 120)=3.26, p=.01, partial 2=.10). This was due to the TD 
controls showing a different pattern of performance across hierarchical levels than the 
WS and adult control group (effect of hierarchical level; TD: F(2,40)=3.75, p=.03, 
partial 2=.16; WS: F(2, 40)=4.81, p=.01, partial 2=.19; adult controls: F(2, 
40)=9.47, p<.001, partial 2=.32 ). The pattern of performance of the WS group and 
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adult control group revealed quicker correct responses on the congruent conditions 
than both the incongruent/global (WS: F(1, 20)=10.02, p=.01, partial 2=.33; adult 
controls: F(1, 20)=19.65, p<.001, partial 2=.50) and the incongruent/local conditions 
(WS: F(1, 20)=8.17, p=.01, partial 2=.29; adult controls: F(1, 20)=7.69, p=.01, 
partial 2=.28). In comparison, the TD group were significantly quicker on the 
congruent condition than the incongruent/global condition (F(1, 20)=6.46, p=.02, 
partial 2=.24) but not the incongruent/local condition (F<1). None of the three 
groups showed a difference in RT between the incongruent/ global and 
incongruent/local trials (WS: F(1, 20)=1.23, p=.28, partial 2=.06; TD: F(1, 20)=3.08, 
p=.09, partial 2=.13; adult controls: F(1, 20)=2.00, p=.17, partial 2=.09 ). 
Figure 5 about here 
 
Analysis of correct responses. 
The number of correct responses, for the initial key press only of each trial, for 
both target present and target absent trials were analysed by separate 2-way 
ANOVAs, each with hierarchical level as a within-participant factor with 3 levels 
(congruent, incongruent/global, incongruent/local) and group as a between-participant 
factor. In the analysis of target absent trials there was a significant main effect of 
group (F(1,60)=6.08, p=.004, partial 2=.17). Post-hoc Tukey comparisons showed 
that this was due to more correct responses from the adult controls than the WS group 
(p=.003). No differences were revealed between the number of correct responses from 
the TD and adult control groups (p=.11), or the TD and WS groups (p=.33). There 
was no main effect of hierarchical level (F(2, 120)=1.75, p=.18, partial 2=.03 ). The 
interaction between hierarchical level and group was not significant (F(4, 120)=1.04, 
p=.39, partial 2=.03). 
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The data for target present trials only are illustrated in Figure 6. Analysis of 
the target present trials demonstrated a significant main effect of group (F(1, 
60)=3.67, p=.03, partial 2=.11). As above, post hoc analysis by Tukey comparison 
showed that this was due to the adult controls producing more correct responses than 
the WS group (p=.03). No significant differences were revealed in the remaining 
comparisons (WS and TD: p=.76; TD and adults: p=.15). The main effect of 
hierarchical level was also significant (F(2,120)=4.59, p=.02, partial 2=.06). This 
was due to the fact that more correct responses were given to the congruent trials than 
the incongruent/ global trials (F(1, 60)=6.92, p=.01, partial 2=.10). There was no 
significant difference between responses to congruent and incongruent/ local trials 
(F(1, 60)=2.29, p=.14, partial 2=.04), or responses to incongruent/ global and 
incongruent/ local trials (F(1, 60)=1.92, p=.17, partial 2=.03). The hierarchical level 
by group interaction did not approach significant (F<1). 
Figure 6 about here 
 
Drawing task 
Each participant‟s drawings were given two scores, one for local level 
accuracy and one for global level accuracy. All of the drawings were rated by the 
experimenter; a second independent judge who was blind to the participants‟ 
identities rated the drawings of 2 individuals with WS and 2 control individuals. Inter-
rater reliability was entirely satisfactory (Cohen‟s Kappa = 0.51, z=5.78, p<.01; [33] 
pp. 284-291). A 2-way ANOVA analysis with local and global accuracy as the 
within-participant factor (2 levels: local and global ) and group as a between-
participant factor (2 levels: WS and TD) was carried out on these scores. This showed 
a significant main effect of group: F(1, 40)=15.76, p<.001 (partial 2=.28) with the 
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WS group performing significantly below the TD controls. A main effect of local-
global accuracy reflected significantly poorer global level accuracy than local level 
accuracy overall: F(1, 40)=30.44, p<.001 (partial 2 = .43). Importantly there was a 
significant interaction between local-global accuracy and group: F(1, 40) = 25.00, 
p<.001 (partial 2 =.39). This reflected that the WS group had significantly poorer 
global level accuracy than local level accuracy F(1, 20)=41.84,p<.001 (partial 2 = 
.68), in comparison to the TD group who did not show a significant difference 
between local and global levels of accuracy: F<1. T-tests comparing the performance 
of the two groups at each level revealed a smaller significant difference at the local 
level: t(20)=2.08, p=.05, than at the global level: t(20)=4.61, p<.001 due to the WS 
group achieving lower scores than the TD controls at both levels,  but particularly the 
global level (see Figure 7). 
To investigate the possibility that any difference between local and global 
accuracy was an artefact of using different scoring systems, further analysis was 
carried out using standardised data. Z-scores were calculated based on the mean and 
standard deviation of the complete set of scores (global and local) of the TD control 
group. By transforming the data in this way, the performance of the TD group now 
provides a baseline in which any differences in the scoring systems have been 
removed. Performance of the WS group has thus been standardised relative to this 
baseline. The results of a 2 way ANOVA were similar to those from the original data. 
There was a main effect of group, (F(1, 40)=15.76, p<.001 (partial 2=.28). Global 
accuracy was poorer than local level accuracy, as shown by a main effect of local-
global accuracy, F(1, 40)=30.48, p<.001 (partial 2 = .43). Crucially, the interaction 
between group and accuracy also remained significant, F(1, 40) =25.15, p<.001 
(partial 2 =.39). As above, paired t-tests revealed that the interaction originated from 
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different levels of accuracy in the WS group: t(20)=6.48, p<.001. Due to the method 
of standardisation, a comparison of global and local accuracy in the TD group showed 
no significant difference: t(20)=.44, p=.67. 
Figure 7 about here 
 
Discussion 
The aim of this study was to investigate whether the bias toward drawing local 
elements seen in WS is a product of a local processing bias at the level of stimulus 
identification which is a more perceptual processing requirement, or instead results 
from a bias acting somewhere beyond identification, where the reproduction of 
elements is required. This study directly measured the identification of Navon figures 
and compared this to the ability to draw these figures among individuals with WS. As 
the diagnosis of 15 of the individuals with WS did not include FISH testing, there is a 
slight possibility that these individuals do not have WS. However, the results showed 
clear differences between the WS and the controls which strongly suggests that all of 
the WS group were correctly diagnosed. Individuals with WS did not exhibit a local 
bias in stimulus identification, but did show evidence of a local bias in drawing. 
The inclusion of two control groups enables one compare WS performance to 
that expected by their overall level of nonverbal ability and to that expected by their 
CA. The relative levels of global and local performance could be compared across the 
groups. Differences in patterns of performance between the two control groups serves 
to indicate developmental changes in hierarchical processing which occur in typical 
development. The patterns of performance of the WS group can then be assessed as 
being commensurate to their general level of nonverbal ability, or to their CA, or as 
deviating from the patterns of performance of both of the control groups, and hence 
not following a typical developmental trajectory. 
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The levels of ability across the three participant groups differed significantly 
in both selective and divided attention. The adult control group were performing at a 
higher level than the WS group and the TD controls. This was true of both RT and 
correct response data. This result demonstrates the sensitivity of these tasks in 
detecting the range in levels of ability of the participant groups.  In contrast, there 
were no differences in the level of ability of the WS group and the TD controls, thus 
one can conclude that in both of the identification tasks, individuals with WS 
demonstrated a level of ability which was below that expected of their CA, and which 
was comparable to their general level of nonverbal ability as measured by the RCPM. 
The patterns of performance of the three participant groups on the 
identification Navon tasks are described in terms of the overall performance of the 
three groups, before discussing any differences observed between the groups. The 
global precedence hypothesis predicts global advantage and global interference. In the 
selective attention task there were two conditions, one in which the individual was 
required to attend to the global level, in this case the large letter, and a second 
condition in which the participant attended to the local level, i.e., the small letters 
(Figure 2). A global advantage effect would be evidenced by quicker/ more accurate 
responses in the large letter/ global condition when compared to the small letter/ local 
condition. This was shown in the RT data, but not in the analysis of the number of 
correct responses, and thus shows some support for a global advantage effect in 
selective attention. Global interference was demonstrated by slower responses to 
incongruent than congruent in the small letter/ local conditions. However, a similar 
pattern was observed in the large letter condition, suggesting that interference was not 
specific to global interference only. Therefore, there is some evidence of global 
precedence in selective attention reflected primarily by a global advantage. 
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The group differences observed in performance on the selective attention task 
indicated that the TD group and the adult controls showed slightly different patterns 
of processing. The pattern of the WS group resembled that of the TD group. This 
reflected, first that the individuals with WS were behaving in a manner appropriate for 
their general nonverbal abilities, rather than their CA. Second, individuals with WS 
were able to focus on the global level when primed to do so. This is contrary to the 
predictions made by the local processing hypothesis. In the analysis of RT the effect 
of congruency of the TD controls, and also the WS group, was stronger than that of 
the adult group. This difference between the control groups suggests that the ability to 
inhibit unattended information may be more developed in adults than children, and 
hence interference is less pronounced in adulthood. This is supported by the analysis 
of correct responses. Whereas the TD controls and the WS group demonstrated 
interference, the adult group did not show interference from incongruent trials. 
However, note that the adult group performed very well on this task; accuracy means 
fell close to the maximum score of 10. In light of this, the group difference in the 
effect of congruency in this analysis could reflect ceiling effects in the adult controls. 
The results of the divided attention task show less evidence of global 
precedence. Accuracy was poorer, and RTs were slower, for the incongruent/ global 
stimuli than for congruent stimuli. Comparison between responses to incongruent/ 
local stimuli and congruent stimuli revealed slower responses on incongruent/ local 
trials, but no difference in the number of correct responses between the two types of 
trial. This pattern of results indicates that performance is impaired on incongruent 
relative to congruent trials when the target appears at either the local or at the global 
level, suggesting no advantage of one level over another, global or local. Due to the 
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lack of global interference in the correct response data, one could suggest that local 
interference is slightly stronger than global interference across the participants. 
The levels of performance on the incongruent/ local and the incongruent/ 
global trials were equivalent to one another in both the RT and the correct response 
data. This indicates that across the three groups, interference was not solely from 
global input when processing local level information, as would be expected if 
participants were exhibiting global precedence, but occurred in both directions. Thus,  
overall there was no support for a specific advantage of global information, or of 
interference occurring only from global information, as would be expected if global 
precedence was apparent. 
The group differences in the divided attention task were evident in the RT data 
only. It appeared that a similar pattern of performance was followed by the WS group 
and the adult controls, i.e., no global advantage, and interference in both directions. 
The nature of interference experienced by the TD group was slightly different. 
Significant levels of interference occurred from local information only, thus showing 
some evidence of a local processing preference in this group. This could be an artefact 
of the lower level of development of the TD controls; previous research has shown 
that younger children are less likely to show global precedence, and show some signs 
of local precedence [18]. However, as this group difference was not supported by the 
correct response data, it cannot be taken as strong evidence for a local level bias in the 
younger controls. The pattern of performance of the WS group on the divided 
attention task, therefore, appears to be entirely typical. It resembles that of the adult 
controls, and also, for the most part, that of the TD control group. Thus, in light of the 
group differences in level of ability, one can conclude that in this task, the 
performance of the WS group is delayed, but not deviant. 
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Pani et al. [24] present an alternative account for the difficulties in visuo-
spatial processing in WS. They suggest that individuals with WS find it difficult to 
switch between hierarchical levels. The divided attention task presented here, requires 
an individual to do just that. Problems with switching between levels would be shown 
by much higher levels of interference across levels than the controls. This was not the 
case, thus the current experimental findings cannot support Pani‟s hypothesis. 
Despite similar patterns of performance across the three participant groups, 
global precedence was not observed on the divided attention task, and there was only 
weak evidence of global precedence in selective attention. This contrasts to the results 
of Plaisted et al., in which the TD control group did show global precedence. 
However, the TD control group employed for the present study were younger and had 
less developed levels of non-verbal ability than the controls employed by Plaisted et 
al [26]. As such, they were less likely to show global precedence [18].  
One might predict that the performance of the adult control group would show 
evidence of global precedence, but this did not occur. Previous research has shown 
that by increasing the spatial frequency of the local level letters in Navon tasks (using 
more, and smaller, „small‟ letters to make up the „large‟ letter), the task becomes more 
demanding and that the effect of global interference and global advantage are more 
likely to be demonstrated [17]. In the present study, the tasks employed stimuli with a 
larger spatial frequency than those used by Plaisted et al. [26] which could explain the 
differential effects of congruency in their study and this study. Larger spatial 
frequencies were used in this study for two reasons. First, the tasks had to be set at a 
level which elicited satisfactory task completion by the individuals with WS. Second, 
the stimuli used across identification and drawing tasks had to be equivalent. In the 
drawing version of the task in WS, it was necessary to employ stimuli with a larger 
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spatial frequency at the local level to reduce the risk of floor effects. As a  
consequence, due to the fact that the WS group were behaving at a level which was 
significantly below that of their CA, the identification tasks were not set at an 
optimum level to elicit global precedence from the adult control group.  
Further consideration of the argument made above could lead to the 
suggestion that the identification tasks were not sensitive enough to elicit a local 
processing bias from the WS participants, and that one cannot rule out the possibility 
of a local processing bias in WS at the level of stimulus identification. However, the 
results suggest that the tasks did not lack sensitivity. This is demonstrated by a 
difference between the TD and the adult control group in their levels and patterns of 
performance. The correct response data from the adult group may be subject to ceiling 
effects, and therefore the RT data is a more reliable measure of adult performance. 
The adult group showed significantly higher levels of performance than the younger 
control group. In addition, although the problem of ceiling effects must be kept in 
mind, it appears that the stimuli affected the patterns of performance of the adult 
control group in a manner which was different to the effect of the stimuli on the TD 
control group. It appears then, that had a local processing bias been present in the WS 
group, this would have been reflected in their pattern of performance. 
It appears that previous research made the assumption that a local bias in 
drawing is also present on tasks which are predominantly perceptual in nature (e.g., 
[3, 30]). According to this account, one would expect that individuals with WS would 
show deviant performance, reflected by either local precedence in both divided and 
selective attention tasks, or a local bias in divided attention, but global precedence in 
the selective attention task, as seen is autism [26]. However, the two identification 
tasks in this study revealed that individuals with WS have a general level of 
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performance which is equivalent to their overall non-verbal level of ability. This 
demonstrates that individuals with WS do not deviate from typical development in 
their patterns of performance on decision making hierarchical processing tasks. These 
results, therefore, cannot support the hypothesis that individuals with WS have a 
general preference to process information at the local level.  
The similarities in the patterns of performance of the WS and control groups 
contrast sharply with the differences that emerged on the drawing task that was given 
to the WS group and the TD controls. As in the previous research, this shows strong 
evidence for a bias towards drawing the local elements at the expense of the global 
form in WS. This did not occur in the TD group who did not show a preference for 
drawing either the local or the global form. The results imply that in WS, although the 
local components of the Navon figures are more salient when drawing, this is not the 
result of a local bias at stimulus identification, i.e., the more perceptual level. This has 
important implications for the claims made in previous research where difficulties in 
tasks such as constructional and pencil and paper tasks are attributed to abnormalities 
in the perceptual identification of the local and global aspects of stimuli. 
Drawing and construction differ from perception due to the fact that they 
necessitate the partitioning of a whole figure into parts. In order to obtain the correct 
global formation, the participant must not only produce each part correctly, but each 
part must be produced with the correct spatial relation to the other parts of the image. 
Thus, in addition to identifying the parts and whole, as has been emphasised in the 
previous studies mentioned [3, 30], it is important to note the relationship between the 
parts. This is particularly true in drawing and construction where the integration of 
parts is an essential factor for successful completion. Guerin, Ska and Belleville [12] 
state that “An impairment in the encoding of … spatial relations results in a 
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disorganised, piecemeal drawing.”  (p.469) which appears to relate to the type of 
drawings produced by individuals with WS (see Figure 8).  
The suggestion made above that spatial relations are impaired in WS is 
supported by recent evidence that has shown that the comprehension of spatial 
language used to classify spatial relations such as “in”, “on”,  and “behind” is 
impaired in WS [25]. Thus, it appears that a poor ability to encode spatial relations 
results in the impairment in drawing and construction observed in individuals with 
WS. It does not however affect performance on more perceptual tasks. This can be 
explained in relation to the spatial analysis necessary for producing an image. Tada 
and Stiles [35] describe „spatial analysis‟ in drawing as two separable processes: 
segmentation and integration. Anecdotally, in this experiment, many individuals with 
WS drew long lines of the local letters (see Figure 8). This indicates that they are able 
to segment an image. However, these individuals did not go on to draw subsequent 
letter strings with the appropriate spatial relations to one another in order to form the 
global figure. An impairment in encoding spatial relations therefore becomes apparent 
when it is an essential feature of task completion. Stimulus integration is reliant on 
accurate spatial relational encoding. This can explain why such an impairment has a 
detrimental effect on stimulus production, but not stimulus identification tasks. 
Figure 8 about here 
In conclusion, the present study has demonstrated first that there is no local 
bias in stimulus identification in WS in either selective or divided attention. Second, 
and in line with previous studies [30], there is evidence of a local bias in drawing in 
WS. These results imply that the bias in drawing is not necessarily related to a bias at 
the more perceptual level as has been previously assumed [3]. Instead, we suggest that 
the local bias observed in the drawings of individuals with WS, results from a 
problem with adhering to the spatial relations when integrating the parts of an image.
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Table 1: Participant details 
 Williams syndrome 
(n=21) 
Typically developing 
(n=21) 
Adult 
(n=21) 
 Mean (SD) Mean(SD) Mean(SD) 
CA(years; 
months) 
20;9(8;10) 6;7(0;7) 20;3(1;9) 
RCPM score 17.95 (4.84) 18.48(4.80)  n/a 
 Figures 
Figure 1: Stimuli employed in the divided attention task 
Figure 2: Stimuli employed in the selective attention tasks 
Figure 3: Responses to large letter and small letter conditions on the selective 
attention task: Response times and number of correct responses 
Figure 4: Responses to target present trials only on the divided attention task: 
Response times and number of correct responses 
Figure 5: Average local and global score on the drawing task 
Figure 6: Examples of the drawings of two individuals with WS.
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Model      WS participant 1: aged 260 months 
 
  
Model      WS participant 2: aged 130 months 
